HARD1,033A PATENT 
FIBER REINFORCED CEMENT COMPOSITE MATERIALS 

USING CHEMICALLY TREATED FIBERS WITH IMPROVED DISPERSIBILITY 

Related Applications 

[0001] This application is a continuation-in-part of U.S. Application No. 
09/969,742, iSled on October 2, 2001, entitled FIBER CEMENT COMPOSITE 
MATERIALS USING SIZED CELLULOSE FIBERS. This application also claims the 
benefit of U.S. Provisional Application No. 60/274,414, filed on March 9, 2001. The entirety 
of each of these apphcations is hereby incorporated by reference. 

Background of the Invention 

Field of the Invention 

[0002] This invention in one embodiment relates to the chemical treatment of 
cellulose fibers to impart the fiber with improved dispersibility and reinforcing efficiency in 
fiber reinforced composite materials. More particularly, in one embodiment, this invention 
relates to cellulose fiber reinforced cement composite materials using chemically treated 
fibers with improved dispersibility, including fiber treatment methods, formulations, methods 
of manufacture and final products with improved material properties relating to the same. 
Description of the Related Art 

[0003] Fiber-reinforced cement products such as building sheets, panels, planks 
and roofing have been used for building construction for more than one hundred years. 
Reinforcing fibers used in such building products include asbestos fibers, cellulose fibers 
(see. Australian Patent No. 515151, U.S. Patent No. 6,030,447), metal fibers, glass 
fibers and other natural or synthetic fibers. In recent years, the use of asbestos fibers has 
decreased substantially due to health concerns associated with the exposure and inhalation of 
asbestos fibers. As a viable alternative, wood cellulose has become one of the predominant 
fibers used in commercial fiber-reinforced building materials because it is an effective, low 
cost, renewable natural reinforcement fiber compatible with common fiber cement 
manufacturing processes, including the autoclave process. 
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[0004] However, cellulose reinforced fiber cement materials can have 
performance drawbacks such as lower reinforcing efficiency, lower strength and toughness 
due to poor fiber dispersion and uneven fiber distribution in the cement mix. These 
drawbacks are largely due to the hydrophilic nature of cellulose fibers. It is generally 
understood that cellulose fibers are primarily polysaccharides comprised of five or six carbon 
sugars that have multiple hydroxyl and carboxyl fimctional groups. These functional groups 
provide cellulose fibers with a strong tendency to form hydrogen intra-fiber and inter-fiber 
bonds. Hydrogen bonding between fibers often results in the formation of fiber clumps or 
clusters. The fiber clusters are difficult to disperse in a cementitious mixture even with the 
help of hydrapulping and refining processes as described in AustraUan Patent No. 515151. 
These fiber clusters are even more difficult to disperse in dry and semi-dry processes such as 
extrusion, molding, Magnani and casting. Moreover, hydrogen bonding between different 
hydroxyl groups of the same fiber is likely to promote fiber curling or forming fiber balls, 
which can also result in lower fiber reinforcement efficiency. 

[0005] For example, when the fibers are dried in the process of forming sheets, 
the hydrogen bonding within and among cellulose molecules is sufficiently strong such that 
complete dispersion or fiberization of the dried fibers by mechanical means is extremely 
difficult to achieve. Use of poorly dispersed or fiberized fibers in fiber cement composite 
materials usually results in uneven fiber distribution and lower reinforcing efficiency, which 
in turn can lead to lower strength, toughness, and strain in the final fiber cement product. 
Thus, in order to achieve a certain level of reinforcement, substantially more fibers are 
needed to compensate for the uneven fiber distribution in the cementitious matrix, which in 
turn can significantly increase the material cost. 

[0006] A number of prior art references disclose methods of improving fiber 
dispersion in a cementitious mix. However, all of these references are directed toward using 
mechanical action to break the bonds between fibers. For example, U.S. Patent No. 
3,753,749 to Nutt discloses milling or otherwise mechanically preparing the fibers 
beforehand so that the fibers can be uniformly distributed in a concrete mix. U.S. Patent No. 
5,989,335 to Soroushian discloses using mechanical action to reduce the bonding between 
fibers so that the fibers can be dispersed in conventional concrete mixes. One disadvantage 



HARD1.033A 



-2- 



Knobbe, Martens, Olson & Bear, LLP 



of using mechanical means to break the inter-fiber bonding is that once the mechanically 
dispersed fibers are placed in the concrete mix, hydrogen bonds can again form between the 
fibers and cause the fibers to re-cluster in the mix. 

[0007] In the paper industry, some research has been directed toward chemically 
treating cellulose fibers to reduce the fiberization energy needed to fiberize the pulp. Since 
high energy is typically required to fiberize pulp with strong inter-fiber hydrogen bonding, 
efforts have been made to reduce the hydrogen bonding among fibers in the pulp by adding 
organic and/or inorganic chemicals called debonders to lower the fiberization energy 
requirement. The debonders are typically surfactants but can also be inorganic fillers. These 
treated fibers have been developed primarily for apphcations in diaper and sanitary napkin 
manufacturing. 

[0008] Thus far, these chemically treated fibers have been used exclusively in the 
paper industry for the purpose of reducing fiberization energy during fiberization processes 
such as hammermilling. There has been no motivation to use these chemically treated fibers 
to improve fiber dispersion as fiber dispersion is generally not a concern for the papermaking 
industry since the majority of the papermaking processes such as Fourdrinier, cylinder 
(Hatschek) and twin- wire use very dilute fiber slurry. The fiber consistencies in these slurries 
are typically between about 0.01% to 4%. At such low consistencies, water will break most 
of the inter-fiber hydrogen bonds while the remaining fiber clusters can be easily dispersed 
using mechanical means such as hydrapulping, pumping, deflakering and refining. 

[0009] Poor fiber dispersion continues to pose a serious problem in the 
manufacture of fiber reinforced cement composite materials, especially when long fibers are 
used in a dry or semi-dry process wherein fiber dispersion is even more difficult to achieve. 
The fiber cement mixture typically has a soHd content of about 30% to 80% by weight in a 
dry or semi-dry process such as extrusion, casting or molding processes. At such high solid 
concentrations, fiber dispersion cannot be achieved by dilution, solvency, or agitation. As a 
consequence, poorly dispersed fiber bundles or clusters often lead to severe defects in the 
final product, including a significant loss in mechanical properties. The high alkalinity of the 
aqueous fiber cement system ( pH commonly higher than 10, also promotes the hydrogen 
bonding among fibers, which can make the fibers more difficult to disperse in a cementitious 
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mixture than in most conventional paper-making systems where the pulp slurry is typically 
imder acidic or neutral conditions. 

[0010] Accordingly, there is a need for a fiber that can be readily dispersed and 
uniformly distributed in fiber reinforced composite building materials. There is also a need 
for a fiber reinforced building material having improved fiber distribution and reinforcing 
efficiency, and material formulations and processes for manufacturing the same. 

Summary of the Mvention 

[0011] Certain preferred embodiments of the present invention provide a building 
material incorporating reinforcing fibers wherein at least a portion of the fibers are 
chemically treated to substantially improve the dispersibiUty of the fibers. In one 
embodiment, the fibers are at least partially treated with a dispersant so that the fibers can 
remain substantially dispersed in a mixture even after mechanical mixing of the fibers, 
thereby substantially reducing the occurrence of re-clustering or clumping of the fibers in the 
mixture. Preferably, the dispersant binds hydroxyl groups on the fiber surface so as to 
substantially inhibit bonding between hydroxyl groups of different fibers, thereby 
substantially reducing inter-fiber hydrogen bonding. In one embodiment, the dispersant 
physically blocks the hydroxyl groups so as to substantially prevent the hydroxyl groups 
from bonding with hydroxyl groups of different fibers, and/or of the different sites of the 
same fiber. In another embodiment, the dispersant comprises at least one functional group 
that chemically bonds to the hydroxyl groups on the fiber surface in a manner so as to 
substantially prevent the hydroxy! groups from bonding with hydroxyl groups of different 
fibers and/or other hydroxyl groups of the same fiber. The dispersants can include, but are 
not limited to, organic and/or inorganic chemicals such as surfactants and debonders that 
make the fiber surface more hydrophobic and thus more dispersible in an aqueous 
environment. 

[0012] One preferred formulation of a building material made in accordance with 
preferred embodiments of the present invention comprises a cementitious binder, preferably 
Portland cement; an aggregate, preferably sihca which may be fine ground if it is to be 
autoclaved; cellulose fibers, at least some of the cellulose fibers having surfaces that are at 
least partially treated with a dispersant so as to make the surfaces hydrophobic and the fibers 
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more readily dispersible; and one or more additives. In one embodiment, the dispersant 
comprises a hydrophilic functional group and a hydrophobic functional group, wherein the 
hydrophilic group permanently or temporarily bonds to hydroxyl groups on the fiber surface 
in the presence of water or an organic solvent in a manner so as to substantially prevent the 
hydroxyl groups from bonding with other hydroxyl groups. The hydrophobic group is 
positioned on the fiber surface, repelling water and other treated hydrophobic fibers 
therefi-om. Preferably, the dispersants comprise firom about 0.001% to 20% of the oven-dried 
weight of the fibers. In one embodiment, the cellulose fibers comprise individualized fibers 
wherein the lignin of the fibers is chemically removed. 

[0013] A method of manufacturing a fiber reinforced composite building material 
using the formulations described constitutes another embodiment of the present invention. 
One preferred method comprises providing cellulose fibers and treating at least a portion of 
the cellulose fibers with a dispersant. The dispersant physically blocks and/or chemically 
bonds to at least some of the hydroxyl functional groups on the fiber surface, thereby 
substantially diminishing inter-fiber hydrogen bonding and making the fibers more 
dispersible in a mixture. In another embodiment, the cellulose fibers comprise chemically 
treated fluff pulps used in the paper industry for purposes of reducing the fiberization energy. 
The chemically treated fibers have improved dispersibility and are mixed with a cementitious 
binder and other ingredients to form a fiber cement mixture. The fiber cement mixture is 
formed into a fiber cement article of a pre-selected shape and size. The fiber cement article is 
cured so as to form the fiber reinforced composite building material. 

[0014] Some of the above steps can be omitted or additional steps may be used, 
depending on the particular application. The step of treating the fibers with a dispersant 
preferably comprises treating the fibers with inorganic compounds, organic compounds, or 
combinations thereof using techniques involving dry spraying or solution treatment, although 
other methods of applying dispersants are feasible, such as coating, and impregnation. In one 
embodiment, each of these techniques preferably occurs in the presence of water or an 
organic solvent. Preferably, the step of mixing the chemically treated fibers with ingredients 
to form a fiber cement mixture comprises mixing the chemically treated fibers having 
improved dispersibility with non-cellulose materials such as cementitious binder, aggregate, 
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and additives in accordance with preferred formulations described herein. In another 
embodiment, the chemically treated fibers having improved dispersibility can also be mixed 
with conventional untreated cellulose fibers, fluff fibers, and/or natural inorganic fibers, 
and/or synthetic fibers along with other ingredients. The fabrication processes can be any of 
the existing technologies such as extrusion, molding, casting, injection molding, multi-wire 
forming and Hatschek processing, etc. 

[0015] Apphcation of the chemically treated fibers of the preferred embodiments 
improves the fiber dispersion and reinforcing eflSciency in the building material, which in 
turn improves key mechanical and physical properties of the material. In one embodiment, 
incorporation of the chemically treated fibers with improved dispersibiUty in the building 
material increases the modulus of rupture (MOR) by more than about 5%, and/or increases 
the toughness by at least about 5%, more preferably by about 20%, and/or increases the strain 
by more than about 5%, and/or increases the z-direction tensile strength by at least about 5%, 
more preferably more than about 10%, when compared with a building material made with 
an equivalent formulation without the chemically treated fibers. Moreover, less cellulose 
fibers may be required in making composite materials of substantially the same physical and 
mechanical properties because chemically treated fibers with improved dispersibility 
substantially obviate the need to add additional fibers to the cementitious mix to compensate 
for fiber clumping or clusters. These and other advantages will become more fully apparent 
firom the following description taken in conjunction with the accompanying drawings. 

Brief Description of the Drawings 

[0016] FIGURE 1 illustrates an exemplifying process flow of one embodiment of 
treating fibers with dispersants in solution; 

[0017] FIGURE 2 illustrates exemplifying process flows of several embodiments 
of treating fibers with dispersants using a dry spray process; 

[0018] FIGURE 3 illustrates an exemplifying process flow of one embodiment of 
making fiber reinforced cement composite materials incorporating chemically treated fibers 
with improved dispersibility; 

[0019] FIGURE 4 is a graph illustrating key mechanical and physical properties 
of fiber cement building materials made with chemically treated fibers with improved 
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dispersibility in accordance with one preferred embodiment and fiber cement materials made 
with conventional untreated fibers. 

Detailed Description of the Preferred Embodiments 

[00201 The preferred embodiments of the present invention relate generally to the 
chemical treatment of cellulose fibers to impart improved fiber dispersibility and the use of 
these chemically treated fibers with improved dispersibility in cementitious fiber reinforced 
composite building materials. The processmg methods of chemically treating the fibers to 
make them more readily dispersible, formulations of composite materials using these 
chemically treated fibers, and improvements in the mechanical and physical properties of the 
final composite material are also described. 

[0021] Chemically treated fibers with improved dispersibility are generally 
defined to include fibers that can be more readily distributed throughout a mixture such as a 
cementitious matrix and remain substantially dispersed even after mechanical mixing action 
stops. In contrast to fibers that are dispersed primarily by mechanical means, these 
chemically treated fibers, when incorporated into a mixture, remain substantially dispersed in 
the mixture without re-clustering or clumping once the mixing action stops. 
Fibers With Improved Dispersibility 

[00221 In one embodiment, this invention relates to the appUcation of chemically 
treated fibers with improved dispersibility into cementitious cellulose fiber reinforced 
building materials. The chemically treated fibers generally comprise fibers that are treated 
with one or more chemical compounds (dispersants) that inhibit the fibers from forming 
inter-fiber bonds. In one preferred embodiment, the dispersants bind the hydroxyl fimctional 
groups on the fiber surface either by physically blocking the site or chemically bonding to the 
hydroxyl groups so as to substantially prevent the hydroxyl groups firom forming hydrogen 
bonds witii hydroxyl groups on adjacent fibers. The dispersants may be applied to both long 
and short cellulose fibers to impart the fibers witii improved dispersibihty. Long fiber is 
herein defined as fibers with a length-weighted average length of longer than about 1 mm, 
and short fiber is defmed as fibers with length-weighted average length of less than about 1 
mm. Preferred embodiments of the present invention can be applied to, but is not limited to, 
fibers having length-weighted average lengtii of about 0.01 to 7.0 mm. 
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Dispersant Chemicals and Cellulose Fibers for Fiber Treatment 

[0023] The chemicals selected for improving fiber dispersibility are preferably 
chemicals that cause the fiber surface to become more hydrophobic and/or can significantly 
reduce the occurrence of inter-fiber bonding, thus making the fibers substantially more 
readily dispersible. hi one embodiment, the dispersants attach to the fiber surface in a 
manner such that the dispersants physically block the hydroxyl groups on the fiber surface 
firom contacting adjacent fibers, thereby significantly weakening the effects of hydrogen 
bonding between hydroxyl groups of adjacent fibers. In another embodiment, the dispersants 
contain fimctional groups that chemically bond to hydroxyl groups on the fiber surface so as 
to inhibit formation of hydrogen bonding between hydroxyl groups of different fibers. 
Chemicals that can be used as dispersants in the fiber treatment process of the preferred 
embodiments include but are not limited to: 

• polyamine compounds; 

• cationic quatemaryamine compounds including alkyltrimethyl quaternary 
ammonium salts, dialkyldimethyl quaternary ammonium salts, benzylalkyl chlorides, 
ethoxylated quaternary ammonium salts, propoxylated quatemary ammonium salts, etc. 

• cationic, anionic, and non-ionic surfactants; 

• combinations of cationic and non-ionic surfactants or of anionic and non-ionic 
surfactants; 

• commercially available chemicals that are commonly known in the paper 
industry as fluff pulp debonders such as : Berocell 587K, 584, 509, 509HA 
and 614 fi-om EKA Chemicals Inc. of Marietta, GA; EMCOL CC-42 from 
Witco Chemicals Inc. of Greenwich, Connecticut; and Quaker 3190 and 2028 
fi:om Hercules Inc. of Kalamazoo, Michigan; 

• alkylalkoxylsilane, alkoxylsilane, and haUde organosilane. 

[0024] Additionally, other commercially available chemicals such as surfactants 
and debonders can also be applied to the fibers as dispersants in the preferred fiber treatment 
process. It will be appreciated that the above fist of chemical compounds is merely 
illustrative of examples of substances that can be used to treat the fibers to impart improved 
dispersibility. The dispersaat can also be other suitable organic or inorganic compounds, or 
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combinations thereof, depending on the particular attributes needed for the specific 
appUcation of the fiber cement material. 

[0025] Cellulose fibers that are used for chemical treatment with a dispersant can 
be made by various pulping methods. In the pulping process, wood or other lignocellulosic 
raw materials such as kenaf, straw, and bamboo, etc., are reduced to a fibrous mass by the 
means of rupturing the bonds within the structures of the Ugnocellulosic materials. This task 
can be accomplished chemically, mechanically, thermally, biologically, or by combinations 
of these treatments. Based on the chemicals utiUzed in the process, the chemical pulping 
methods are classified as Soda, Kraft, Kraft-AQ, Soda-AQ, Oxygen Delignification, Krafl- 
Oxygen, Solvent methods, and Sulfite pulping, steam explosion or any other pulping 
techniques. In some embodiments, cellulose fibers are separated into individual fibers by 
rupturing the bonds between lignin and cellulosic components. Lignin, which acts as a glue 
holding cellulose and hemicellulose together to provide mechanical strength in the wood, is 
broken and dissolved by chemical reactions. These chemical reactions for individualizing the 
fibers can be carried out in a reactor, often called a digester, under a high temperature around 
150 to 250''C for about 30 minutes to 3 hours. 

[0026] The cellulose fibers used for the dispersant treatment can be 
unrefmed/unfibrillated or refined/fibrillated cellulose pulps firom sources, including but not 
limited to bleached, unbleached, semi-bleached cellulose pulp produced by various pulping 
techniques. The cellulose pulps can be made of softwood, hardwood, agricultural raw 
materials, recycled waste paper or any other form of Ugnocellulosic materials. 

[0027] Furthermore, the cellulose fibers used can be engineered cellulose fibers 
such as loaded fibers described in AppUcant's copending application entitled FIBER 
CEMENT COMPOSITE MATERIALS USING CELLULOSE FIBERS LOADED WITH 
INORGANIC AND/OR ORGANIC SUBSTANCES, Serial No. 09/969,957, filed on October 
2, 2001, and/or sized fibers described in Applicant's copending application entitled FIBER 
CEMENT COMPOSITE MATERIALS USING SIZED CELLULOSE FIBERS, Serial No. 
09/969,742, filed on October 2, 2001, and/or biocide treated fibers described in Apphcant's 
copending appUcation entitled FIBER CEMENT COMPOSITE MATERIALS USING 
BIOCIDE TREATED DURABLE CELLULOSE FIBERS, Serial No. 09/969,964, filed on 
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October 2, 2001. The entirety of each of these applications is hereby incorporated by 

reference. 

Fiber Treatment 

[0028] Various methods can be used to treat cellulose fibers with one or more 
dispersants. A preferred fiber treatment method generally includes the following steps 
performed in various sequences: 

• fiber dispersion/fiberization; 

• fibrillation (mechanical means to increase fiber surface area); 

• fiber conditioning (dewatering, drying or dilution); 

• treatment with one or more dispersants; 

• removal of residual/excessive dispersants; and 

• conditioning of the chemically treated fibers (drying, humidifying or 
dispersing). 

[0029] Some of these steps can be omitted or some other steps may be desirable. 
The fiber treatment method can be carried out by various means including but not hmited to 
treatments in aqueous or organic solvent solutions, and/or treatments by vacuum or pressure 
spraying of the dispersant on dried or wet cellulose fibers. 

Fiber Treatment in Solution 

[0030] Figure 1 illustrates an embodiment of a preferred fiber treatment process 
100 that is carried out in solution. The process 100 begins with step 102 in which untreated 
cellulose fibers are dispersed, fiberized (individuaUzed) and/or fibrillated. The fibers are 
dispersed at this stage by mechanically breaking at least some of the inter-fiber bonding to 
separate the fibers fi-om each other. However, this dispersing step 102 typically does not 
provide the fibers with sufficient dispersibility such that the fibers remain substantially 
uniformly distributed when incorporated into a cementitious matrix. At least some of the 
inter-fiber hydrogen bonds that are broken by mechanical action during this dispersing step 
102 tend to re-form in a mixture once the mechanical mixing action stops, thereby causing 
the fibers to re-cluster or clump together in the mixture. 

[0031] Furthermore, individuahzing of fibers can occur in a chemical pulping 
process. Alternatively, it will be appreciated that in performing this preferred manufacturing 
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process, the chemical pulping step may not be necessary. This is because chemical 
individualization of fibers is often done by the fiber manufacturer, who then provides the 
fibers to the buyer on standard lap sheets or rolls. The process 100 can also be applied to 
fibers that are not chemically individuaUzed. Thus, in one embodiment, the individualization 
of such fibers merely includes mechanically separating the fibers from the sheets or rolls, 
such as by hammer milling or other methods. 

[0032] In one embodiment, the untreated cellulose fibers are received in dry form 
(laps and rolls) or in wet forms (wet laps and in containers). Preferably, the untreated fibers 
are mechanically dispersed at a consistency of about 1% - 6% to form pulp slurry in a 
hydrapulper, which also imparts some fibrillation. Further fibrillation can be achieved using 
a refiner or a series of refiners. Once dispersed, the fibers are then fibrillated to a range of 
about 0 to 800 degrees of Canadian Standard Freeness (CSF), more preferably about 100 to 
700 degrees of CSF. Dispersion and fibrillation can be achieved by other techniques such as, 
for example, deflakering, milling, and shredding. However, use of chemically treated fibers 
without extensive fibrillation is also acceptable, or even preferred, for some products and 
processes. 

[0033] In the embodiment shown in Figure 1, subsequent to dispersing the fibers 
in st&p 102, the process 100 continues with step 104 in which fibrillated or unfibrillated 
fibers in slurry forms are then de-watered using press filtration, vacuum filtration or 
continuous centrifugation to a total soKd content of about 2% to 50%. Further de-watering of 
the fibers can be accomplished by vacuum evaporation drying, flash drying, freeze drying, 
low temperature oven drying, and other drying techniques that do not pose significant 
damages to the fiber integrity. In one embodiment, the de-watered fibers are thoroughly 
mixed in a reactor vessel using dispensers, mixers, or hydra-pulpers of any kind. As shown 
in Figure 1, the water from the dewatering step 104 can be recycled to the water plant 104a 
and circulated back to step 102. 

[0034] The process 100 then follows with step 106 in which dispersant treatment 
reactions are carried out. Preferably, prepared dispersants are added to the reactor while 
constant agitation and mixing are applied. In one embodiment, the dispersants comprise 
surfactants such as quatemaryamine, polyamine, and combinations thereof. Preferably, 
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dosage of the dispersants is up to about 20% of the oven dry mass of the cellulose pulp. 
Preferably, the dispersants bind the hydroxy! groups on the fiber surface so as to inhibit the 
hydroxy] groups from forming hydrogen bonds with hydroxy! groups on adjacent fibers. 
Weakening of inter-fiber hydrogen bonding and/or formation of a hydrophobic cloud 
surrounding the surfactant treated fibers permit the fibers to become more readily dispersible 
in solution and inhibits the fibers from clustering once the mechanical mixing action stops. 
However, the reactor systems are preferably equipped with some kinds of agitation devices to 
ensure a good mixing. 

[0035] The dispersant treatment reactions can be carried out in the ambient or at 
an elevated temperature up to about 250°C, more preferably below ISO^'C. The retention 
time varies, depending on the particular dispersant, but preferably ranges from about 30 
seconds to 24 hours. Batch or continuous reactors of all kinds can be used but continuous or 
semi-continuous tank or plug flow reactors are preferred for the fiber treatment in this 
embodiment. 

[0036] After a predetermined retention time is reached, the residual dispersants 
can be separated and removed by centrifiigation or filtration as shown in step 108 of the 
process 100. In one embodiment, the residual dispersants are recycled and reused. The post 
reaction fibers are preferably dried by low temperature oven, vacuum evaporation, and other 
nondestructive drying techniques. The treated fibers are then incorporated into fiber cement 
composite materials in step 110. 



Table 1: Dispersant Treatment Conditions of Some Embodiments 



Parameters 


Ranges 


More Preferable 


Percent of Fibers in Slurry (% by weight) 


about 0.01 to 70 


about 0.5 to 10 


Fiber Freeness after Fibrillation (CSF) 


aboutXUo 800 


about 100 to 700 


Dosage of Dispersants (% by fiber weight) 


about 0.001 to 20 


about 0.01 to 10 



[0037] Table 1 provides examples of reaction conditions of the fiber treatment 
process 100 described above. However, various changes and modifications in the conditions 
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can be made from the embodiments presented herein without departing from the spirit of the 
invention. 

Fiber Treatment by Dry Spray 

[0038] Figure 2 illustrates several embodiments of treating fibers by dry spraying. 
The process 200 begins with step 202 in which the raw materials are prepared for the 
treatment. The untreated fibers can be received in various forms such as pulp laps (sheets) in 
bales 202a; pulp sheets in rolls 202b; fiberized (hammermill or shredded) fibers in bales, 
containers, or silos 202c; fibrillated (refined) dry or semi-dry fibers in bales, silos or 
containers 202d; and other dry forms of cellulose fibers. 

[0039] As shown in Figure 2, in the step of treating pulps in forms of rolls or 
laps/sheets 202a and 202b, dispersants are sprayed onto cellulose fibers as shown in steps 
204a and 204b. The dispersants may react with molecules on the fiber surface before, during 
or after fiberization process. In these spraying systems, the dispersants may be vaporized and 
the vaporized chemicals may be pressurized to provide enough spraying velocities. Some 
carrying gases may be used for spraying the dispersants in latex emulsions. Preferably, the 
nozzles are selected to generate the finest spraying particles possible. 

[0040] In another embodiment of this treatment, dispersants are appUed onto pulp 
laps, rolls or sheets by dipping the pulp webs in solution of the dispersants. After a 
predetermined retention time to allow dispersants to react with the fibers, the pulps are then 
individualized or fiberized by techniques such as hammer milling, shredding, roller milling, 
deflakering, or refining. Dispersant reactions and fiberization can also be carried out at the 
same time by spraying the chemicals on to the fibers dxmng fiberization processes. As Figure 
2 further shows, in treating fiberized fibers 202c, dispersants will be sprayed onto the 
fiberized fibers as shown in step 204c. The dispersant reactions are allowed to take place in a 
reactor with vigorous agitation/mixing. The dispersant treatment can also be carried out in 
systems such as flash dryers, hammermills, conventional resin application chambers, or 
closed mixing tank reactors. 

[00411 In yet another embodiment, fibrillated cellulose fibers in a dry form can be 
used in the fiber treatment 204d. In preparation of dry fibrillated fibers, cellulose pulp is 
refined using conventional hydrapulpers, pulp refiners or deflakers. The fibrillated fibers are 
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then de-watered and/or dried using techniques such as flash drying and air drying. The wet 
or dry fibrillated fibers are then brought to contact with desirable dispersants in a reactor. 
The dispersant treatment of these embodiments can be carried out at room temperature or 
elevated temperatures under the atmospheric or elevated pressures. The retention time for the 
treatment may vary to accommodate the process and equipment, preferably 30 seconds to 24 
hours. The dosage of the dispersants is preferably in the range of about 0.001% to 20% of 
oven dried fibers. The reaction temperature can be up to about 250^C, preferably below about 
150^C. 

[0042] As shown in Figure 2, the treated fibers are subsequently conditioned in 
step 206. The treated fibers can be conditioned by techniques such as drying, humidifying, 
and dispersing. After conditioning the fibers, the fibers are further processed. The fibers 
chemically treated with a dispersant are dispersed or fibrillated. In some cases, fibrillation 
may not be required. The chemically treated fibers are then incorporated into the 
manufacture of fiber cement composite materials in step 208. 

[0043] The dispersants may also be appUed directly in the process of making fiber 
cement composite materials as will be described in greater detail below. Preferably, the 
dispersants are added to the fibers before mixing with other ingredients. In some 
embodiments, the cellulose fibers used for preparation of chemically treated fibers with 
improved dispersibiUty are individualized cellulose fibers with partial or complete removals 
of lignin components firom the fiber cell walls. In other embodiments, the cellulose fibers 
used are not individualized cellulose fibers in which the lignin components stay intact. 

[0044] As an altemative to treating the fibers using the above described methods 
to impart improved dispersibility, some commercially available treated fluff pulp that are 
intended for use in the paper industry for applications in diapers, sanitary napkins, hospital 
pads, and disposable fluff products can also be used as fibers in some embodiments of the 
present invention. These treated pulps used in the paper industry typically known as treated 
fluff pulps typically contain debonding agents that weaken the inter-fiber and intra-fiber 
bonding so that better fiberization of the pulp can be accomplished with lower energy. 
Although these treated fluff pulp products have been used exclusively in the paper industry 
for the purpose of reducing fiberization energy, Applicant has foxmd that some of these pulps 
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can be adapted for use in certain preferred embodiments of the present invention to improve 
fiber dispersibility and reinforcing efficiency in a cementitious matrix. These commercial 
pulp products include but are not limited to: 

• Golden Isles EE-1 00 Grade 4822, 4825, 4839 firom Georgia Pacific Co. of 
Atlanta, Georgia; 

• NF401, NF405 and CF405 fi-om Weyerhauser Co. of Tacoma, Washington; 

• Rayfloc- J-MX-E fi:om Raynoier of Jesup, Florida, and 

• Georgetown Supersoft Plus firom International Paper Co. of Tuxedo, New 
York. 

Formulation of Making Fiber Reinforced Cement Materials Using Chemically Treated 
Fibers With Improved Dispersibility 

[0045] Several of the embodiments described herein can be encompassed by the 

following formulation: 

• about 1 0%-80% by weight cement (hydraulic binder) 

• about 20%-80% by weight siUca (aggregate) 

• about 0%-50% by weight density modifiers; 

• about 0%-10% by weight additives; and 

• about 0.5%-20%, more preferably about 4%-12%, by weight chemically 
treated cellulose fibers with improved dispersibility, or a combination of chemically 
treated cellulose fibers with improved dispersibility and/or regular fibers, and/or natural 
inorganic fibers, and/or synthetic fibers. 

[0046] The cementitious binder is preferably Portland cement but can also be, but 
is not limited to, high alumina cement, Ume, high phosphate cement, and ground granulated 
blast fiimace slag cement, or mixtures thereof The aggregate is preferably ground silica sand 
but can also be, but is not limited to, amorphous silica, micro silica, silica fume, 
diatomaceous earth, coal combustion fly and bottom ashes, rice hull ash, blast fiimace slag, 
granulated slag, steel slag, mineral oxides, mineral hydroxides, clays, magnasite or dolomite, 
metal oxides and hydroxides and polymeric beads, or mixtures thereof 

[0047] The density modifiers can be organic and/or inorganic hghtweight 
materials. The density modifiers may include plastic hollow materials, glass and ceramic 
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materials, calcium silicate hydrates, microspheres, aad volcano ashes including perlite, 
pumice, shirasu balloons and zeoUtes in expanded forms. The density modifiers can be 
natural or synthetic materials. The additives can include, but are not hmited to, viscosity 
modifiers, fire retardants, waterproofing agents, silica fimie, geothermal silica, thickeners, 
pigments, colorants, plasticizers, forming agents, flocculents, drainage aids, wet and dry 
strength aids, silicone materials, aluminum powder, clay, kaolin, alumina trihydrate, mica, 
metakaolin, calcixmi carbonate, woUastonite, and polymeric resin emulsion, or mixtures of 
thereof. 

[0048] Chemically treated cellulose fibers with improved dispersibihty can be 
used in a variety of composite materials all having different proportions of cementitious 
binders, aggregates, fibers (chemically treated and/or conventional), and additives to obtain 
optimum properties for a particular apphcation. In one embodiment, the composite 
formulation contains about 0.5% to 20% chemically treated fibers with improved 
dispersibihty by weight. Furthermore, the chemically treated fibers with improved 
dispersibility may be blended with conventional non-chemically treated fibers and/or 
synthetic polymer fibers in different proportions. It will be appreciated that the percentage of 
chemically treated fibers with improved dispersibility may be varied depending on the 
desired application and/or process. Furthermore, the proportion of the cementitious binder, 
aggregate, density modifiers, and additives can also be varied to obtain optimal properties for 
different applications, such as roofing, deck, fences, paving, pipes, siding, trim, soffits, 
backer for tile underlayment. 

[0049] In preferred embodiments of the present invention, when the building 
material is to be autoclaved, a lower amount of cement in the formulation is used 
incorporating chemically treated, more readily dispersible cellulose fibers. The formulation 
for the autoclaved fiber cement composite materials in one embodiment comprises: 

• about 20-50% by weight cement, more preferably about 35% 

• about 30-70% by weight fine ground silica, more preferably about 60% 

• about 0-50% by weight density modifiers; 

• about 0-10% by weight additives, more preferably about 5%; and 
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• about 0.5-20% by weight fibers, more preferably about 4-12% fibers, wherein 
some percentage, up to 100%, of the fibers is cellulose fibers treated with 
dispersants to increase the hydrophobicity and hence dispersion of the fibers. 

[0050] Alternatively, for an air-cured product, a higher percentage of cement can 
be used, more preferably about 60-90%, In an air-cured embodiment, the fine ground sihca 
is not used, although silica may be used as a filler. 

[0051] Preferably, for the wet processes, the chemically treated fibers with 
improved dispersibility have a freeness of about 100-700 degrees of Canadian Standard 
Freeness (CSF) with moisture contents of 0% to 99% based on oven dry weight measured in 
accordance with TAPPI method T227 om-99. For dry or semi-dry processes, flberized fibers 
are preferred. The cementitious binder and aggregate have surface areas of about 150 to 400 
m^/kg and about 300 to 450 m^/kg, respectively. The surface area for both cement and 
aggregates is tested in accordance with ASTM C204-96a. 

Method of Making Fiber Cement Building Materials Using Chemically Treated Fibers With 
Improved Dispersibility 

[0052] A method of manufacturing a fiber reinforced composite building material 
using the formulations described constitutes another embodiment of the present invention. A 
prefeixed process of manufacturing a fiber reinforced cementitious composite material 
incorporating chemically treated cellulose fibers with improved dispersibiUty begins with 
treating the cellulose fibers with one or more dispersants in which the fiber surface is made 
substantially hydrophobic. Preferably, the hydroxyl fimctional groups on the fiber surface 
are inhibited from forming hydrogen bonds with other hydroxyl groups, thus substantially 
reducing the occurrence of inter-fiber bondmg. In one embodiment, the method fijrther 
comprises mechanically dispersing the untreated fibers at a pre-selected consistency to 
separate the fibers so as to facilitate chemical treatment of the fiber surface, and fibrillating 
the untreated fibers to a pre-selected freeness range. After chemically treating the fibers with 
a dispersant, tiie preferred method comprises mixing the chemically treated fibers with 
ingredients to form a fiber cement mixture in accordance with preferred formulations, 
forming the fiber cement mixture into a fiber cement article of a pre-selected shape and size, 
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and curing the fiber cement article so as to form the fiber reinforced composite building 
material. 

[0053] The dispersants may be applied to any of the above steps prior to forming 
the fiber cement mixture into a fiber cement article and curing the fiber cement article. 
Preferably, the chemicals are added to the fibers first to allow enough time for the chemical 
reactions to take place before mixing the fibers with other ingredients to form the fiber 
cement mixture. In some embodiments, however, dispersants may be added to the fiber 
cement mixture while the fibers are being mixed together with other ingredients. 
Advantageously, fibers treated with dispersants remain substantially dispersed in a cement 
mixture even after the mechanical mixing action stops, thereby substantially reducing the 
occiuxence of re-clustering or clumping of the fibers in the cement mixture. As will be 
described in greater detail below, the chemically treated fibers with improved dispersibility 
provide the final composite material with a more uniform fiber distribution and inhibit the 
formation of fiber clumps or clusters that are known to reduce the fiber reinforcing efficiency 
of the product. 

[0054] Preferably, the step of mixing the chemically treated fibers with improved 
dispersibility with other ingredients to form a fiber cement mixture comprises mixing the 
chemically treated fibers with non-cellulose materials such as hydraulic binder, aggregate, 
density modifiers, and additives in accordance with the preferred formulations of this 
invention. In some embodiments, the chemically treated fibers can also be mixed with 
synthetic fibers along with other ingredients. The fabrication processes can use any of the 
existing technologies, such as extrusion, molding, injection molding, casting, and Hatschek 
process, etc. 

[0055] Figure 3 illustrates a preferred process 300 of manufacturing a fiber 
reinforced cementitious composite material incorporating the chemically treated cellulose 
fibers with improved dispersibility. As Figure 3 shows, the process begins with step 302 in 
which the cellulose fibers are treated with dispersants to impart the fibers with 
hydrophobicity. A pre-prepared chemically treated fiber with improved dispersibility may 
also be used. 
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[0056] The chemically treated fibers with improved dispersibility are 
subsequently processed in step 304. The fiber processing step 304 typically involves fiber 
dispersion and fibrillations. In one embodiment, the fibers are dispersed at a consistency of 
about 1% to 6% in a hydra-pulper, which also imparts some fibrillation. Further fibrillation 
can be achieved using a refiner or series of refiners. Once dispersed, the fibers are then 
fibrillated to a range of about 0 to 800 degrees of CSF (Canadian Standard Freeness), more 
preferably between about 100 to 700 degrees of CSF. Dispersion and fibrillation can also be 
achieved by other techniques such as hammermilling, deflakering, shredding, and the like. 
Furthermore, use of fibers chemically treated with a dispersant without fibrillation is also 
acceptable for some products and processes. 

[0057] As Figure 3 shows, in step 306, the chemically treated cellulose fibers 
with improved dispersibility are proportionally mixed with other ingredients to form a 
waterbome mixture, slurry, or paste. Preferably, the fibers are mixed with cement, silica, a 
density modifier and other additives in a well-known mixing process to form a slurry or 
paste. The chemically treated fibers with improved dispersibility will more readily disperse 
and distribute imiformly throughout the mix. Furthermore, the fibers will remain 
substantially dispersed even after the mechanical mixing action stops, thereby reducing the 
occurrence of re-clustering or clumping of the fibers. In the mixer, synthetic fiber can also be 
blended with the chemically treated fibers with improved dispersibility. 

[0058] The process 300 follows with step 308 in which the mixture may be 
formed into a "green" or uncured shaped article using a number of conventional 
manufacturing techniques as would be known to one skilled in the art, such as: 

• Extrusion; 

• Hatschek sheet process; 

• Mazza pipe process; 

• Magnani process; 

• Injection molding; 

• Hand lay-up; 

• Molding; 

• Casting; 
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• Filter pressing; 

• Fourdrinier forming; 

• Multi-wire forming; 

• Gap blade forming; 

• Gap roll/blade fomiing; 

• Bel-Roll forming; 

• Others. 

[0059] These processes may also include a pressing or embossing operation after 
the article is formed. More preferably, no pressing is used. The processing steps and 
parameters used to achieve the final product using a Hatschek process are similar to what is 
described in AustraUan Patent No. 515151, 

[0060] Following step 308, the "green'* or uncured shaped article is cured in step 
310. The article is preferably pre-cured for up to about 80 hours, most preferably about 24 
f5 hours or less. The article is then air-cured for approximately 30 days. More preferably, the 

It pre-cured article is autoclaved at an elevated temperature and pressure in a steam saturated 

environment at about 60 to 200^C for about 3 to 30 hours, more preferably about 24 hours or 
less. The time and temperature chosen for the pre-cure and cure processes are dependent on 
the formulation, the manufacturing process, the process parameters, and the final form of the 
product. 

Fiber Reinforced Cement Composite Materials Using Chemically Treated Fibers With 
Improved Dispersibility 

[0061] AppUcations of chemically treated cellulose fibers with improved 
dispersibility in fiber reinforced composite materials can improve the mechanical and 
physical properties of the final building product. Fiber cement products using these 
chemically treated fibers have improved fiber dispersion, improved fiber reinforcing 
efficiency, improved toughness and strain. The use of chemically treated fibers with 
improved dispersibihty obviates the need of adding additional fibers to the composite 
material to compensate for poor fiber distribution. Thus, less fibers are needed to achieve the 
same if not better physical and mechanical properties in the final product, which can result in 
significant cost reductions. Other desirable characteristics of fiber cement materials using the 
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chemically treated fibers with improved dispersibility include improved water resistance and 
smoother surface finishes when extrusion, molding, or casting process is used. Moreover, 
long fibers that are generally more difficult to disperse than short fibers, and thus sometimes 
avoided, can also be treated to provide them with improved dispersibility. Chemically 
treated long fibers with improved dispersibility can be used in the formulation to provide 
additional benefits afforded by using long cellulose fibers as a reinforcement agent. 

[0062] The following examples demonstrate some of the desirable characteristics 
that the chemically treated fibers with improved dispersibility provide in the formulations of 
the fiber reinforced cement composite materials. It will be appreciated that the fiber cement 
formulations are selected for comparison purposes only and that a variety of other 
formulations can be used without departing firom tiie scope of the present invention. It will 
also be appreciated that in addition to fiber cement products, other cementitious and non- 
cementitious materials such as polymeric, wood, and other materials may also use chemically 
treated fibers with improved dispersibility in the formulation to improve the mechanical and 
physical properties of the material. The scope of the present invention is not limited to 
cementitious composite building materials nor building materials in general. 

Example 1 

[0063] In this example, two types of cellulose fibers were fiberized in dry form by 
a hammermill. One was the debonder treated pulp of Weyerhaeuser pulp grade NF401, and 
the other was the control fiber, the same fibers without debonder treatment (Weyerhaeuser 
pulp grade NF416). Fiber cement composite specimens were fabricated using an extrusion 
process. The formulation for the samples A and B was the same except different fibers were 
used. The formulation contained 10% fibers (chemically treated fibers having improved 
dispersion for formulation A and conventional untreated fiber for formulation B), 10% 
calcium silicate hydrate, 1.5% methylcellxdose, 39.25% Portland cement and 39.25% ground 
silica. The extruded samples were precured at 150*^C for 12 hours and then cured by 
autoclaving at 185**C for 12 hours. The densities of Samples A and B were around 0.9 grams 
per cubic centimeter. Some key physical and mechanical properties of samples A and B are 
shown in Table 2. 



HARD1.033A 



-21- 



Knobbe, Martens, Olson & Bear, LLP 



Table 2: Comparison of key physical and mechanical properties of extruded fiber cement 
materials using chemically treated and readily dispersible fibers (A) and conventional 

untreated cellulose fibers (B) 



Physical Properties 


Samples 




A 


B (Control) 


Modulus of Rupture (MOR, MPa) 


6.44 


5.75 


Z-Direction Tensile Strength (MPa) 


2.33 


1.81 


Toughness (KJ/m?) 


2.27 


0.93 



[0064] Table 2 above provides an illustrative comparison of various mechanical 
and physical properties of fiber cement products made with formulations that incorporate 
chemically treated cellulose fibers to provide improved dispersibility and those that use 
conventional untreated fibers. Modulus of rupture (MOR), Z-direction tensile strength, and 
toughness were tested in accordance with ASTM (American Standard Test Method) CI 185- 
98a entitled "Standard Test Methods for Samphng and Testing Non- Asbestos Fiber-Cement 
Flat Sheet, Roofing and Siding Shingles, and Clapboards." It will be appreciated by one 
skilled in the art that the specific values of particular mechanical properties will differ by 
varying the oven dry density. 

[0065] As shown in Table 2, the MOR, Z-direction tensile strength, and 
toughness are all higher for fiber cement materials made with the chemically treated fibers 
having improved dispersibility. In particular, toughness and straui are physical properties 
that are highly influenced by the degree of fiber dispersion. Therefore, the degree of fiber 
dispersion can be measured indirectly by comparing the strain and toughness values of 
composites made with and without the chemically treated fibers with improved dispersibility. 
Fibers that are better dispersed will result in a higher strain and toughness value per unit mass 
of fiber added in the final product. As shown in Table 2, this embodiment of the invention 
increases the MOR by approximately 12%, the Z-direction tensile strength by approximately 
28%, and toughness by approximately 144%, when compared to the equivalent formulation 
made without chemically treated fibers with improved dispersibility. An equivalent 
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formulation is herein defined as one in which the preferred chemically treated cellulose fibers 
with improved dispersibility are displaced by an equivalent percentage of cellulose fibers that 
are not treated with a dispersant in accordance with the embodiments of the present 
invention. Table 2 shows that fiber cement materials made with chemically treated fibers 
have better physical and mechanical properties than fiber cement materials of equivalent 
formulations but made with conventional untreated fibers. 
Example 2 

[0066] Figure 4 illustrates a comparison of key mechanical and physical 
properties of extruded fiber reinforced cement composite materials made with and without 
the chemically treated fibers. Sample C was prepared with chemically treated fibers with 
improved dispersibility (Weyerhaeuser' s grade NF405, a debonder treated fibers) while 
sample D contains regular pulp (Weyerhaeuser's grade CF416). The samples have the same 
formulation except for the fibers used; 10% of treated fibers (NF405), 10% of CF416, The 
fibers were fiberized by hammermilling. The samples were prepared by extrusion and tested 
for MOR, Z-direction tensile strength and toughness energy in accordance with ASTM 
(American Standard Test Method) CI 185-98a entitled "Standard Test Methods for Sampling 
and Testing Non-Asbestos Fiber-Cement Flat Sheet, Roofing and Siding Shingles, and 
Clapboards." As shown in Figure 4, extruded fiber reinforcement composite materials made 
with chemically treated fibers with improved dispersibiUty show about 18% improvement in 
MOR, about 7% improvement in Z-direction tensile strength and about 200% improvement 
in toughness when compared to extruded fiber reinforcement composite materials of an 
equivalent formulation but without the chemically treated fibers. 

Example 3 

[0067] In this example, the formulations of samples E and F were substantially 
the same except that different fibers were used: about 9% fiber by weight (chemically treated 
fiber with improved dispersibility or regular untreated fiber); about 10% calcium silicate 
hydrate which, in one embodiment, is used as a density modifier, about 1.5% methylcellulose 
which, in one embodiment, is used as an additive-viscosity modifier, about 39.75% Portland 
cement and about 39.75% ground silica. Fibers used in sample E were chemically treated 
with a surfactant emulsion, about 50:50 blend of di(hydrogenated tallow) dimethyl 
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ammonium chloride (CAS number 61789-80-8) and alkyl-benzyl-dimethy ammonium 
chloride (CAS number 61789-72-8) by the dry spraying technique. The total dosage of the 
dispersant was about 0.06% of the oven dried fiber mass. The treatment was done at ambient 
temperature before the fiberization. Fibers used in Sample F were regular untreated fibers. 
Specimens of fiber cement composite materials were then formed using extrusion. The 
extruded samples were procured at about 150°C for about 12 hours and then cured by 
autoclaving at about 185^C for about 12 hours. Some key physical and mechanical properties 
are shown in Table 3. 



Table 3; Comparison of key physical and mechanical properties of extruded fiber 
cement materials using chemically treated fibers with improved dispersibility 
and regular cellulose fibers 



Physical Properties 


Samples 




E 


F (Control) 


MOR/Fiber Wt.(MPa/Kg) 


0.68 


0.61 


Strain/Fiber Wt. (nm/m-Kg) 


501 


465 


Toughness/Fiber Wt. (KJ/m^-Kg) 


0.27 


0.13 



[0068] Table 3 above provides an illustrative comparison of key mechanical and 
physical properties of fiber cement products that incorporate chemically treated cellulose 
fibers with improved dispersibility and those that are conventional untreated fibers. The 
samples were made with equivalent formulations except for the type of fibers used. Average 
toughness and strain values were determined using a three point bending test in accordance 
with ASTM (American Standard Test Method) C1185-98a entitled "Standard Test Methods 
for Sampling and Testing Non-Asbestos Fiber-Cement Flat Sheet, Roofing and Siding 
Shingles, and Clapboards." This embodiment of the invention increases the MOR per 
kilogram of fiber used by approximately 11%, the strain per kilogram of fiber used by 
approximately 7%, and the toughness per kilogram of fiber used by approximately 100%, 
The strain and toughness values per kilogram of fiber used are indicative of the degree of 
fiber reinforcing efficiency. Improvements in fiber reinforcing efficiencies are typically 
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reflected in higher strain and toughness values per kilogram of fiber added. Thus, results in 
Table 3 indicate that the addition of chemically treated fibers improved the fiber reinforcing 
efficiency of the material as the values of the strain and toughness energy per kilogram of 
fiber added for materials made with chemically treated fibers are higher than that of materials 
made with an equivalent formulation without chemically treated fibers. 
Conclusion 

[0069] In general, it will be appreciated that preferred embodiments of the present 
invention, in particular a chemically treated cellulose fiber incorporated into a fiber cement 
building material, have several advantages over the prior art. These materials, made in 
accordance with the preferred processes and formulations, have better fiber dispersion and 
higher fiber reinforcing efficiency, thus require less fiber dosage to attain the required 
physical and mechanical properties. Furthermore, improved fiber reinforcing efficiency also 
leads to improved physical and mechanical properties such as higher modulus of rupture, 
higher Z-direction tensile strength, higher toughness, higher strain, and better interlaminate 
bonding strength. The chemically treated fibers with improved dispersibility also improve 
water resistance and surface smoothness of the finished products, and reduce cost in fiber 
use. 

[0070] The chemically treated fibers of the preferred embodiments of the present 
invention have reduced inter-fiber and intra-fiber hydrogen bonding and thus can be more 
readily dispersed in a mixture. Once dispersed in a mixture, the chemically treated fibers 
tend to remam dispersed and are substantially less likely to re-cluster and form into clumps 
when mechanical mixing stops. The chemically treated fibers with improved dispersibility 
can be readily and uniformly distributed throughout a cementitious matrix, thus eliminating 
the need to add higher fiber dosage to compensate for poor fiber dispersion. In one 
embodiment, the use of chemically treated fibers with improved dispersibility results in about 
5% reduction in dosage of fibers added to the building material while still achieving the same 
physical and mechanical properties. The chemically treated fibers with improved 
dispersibility also have better dispersibiUty in all types of aqueous solutions. Furthermore, 
treating cellulose fibers with dispersants will allow both long and short fibers to be used in 
the wet and semi-wet processes of manufacturing fiber cement composite materials. 
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[0071] It will be appreciated that the fiber cement formulations are selected for 
comparison purposes only and that a variety of other formulations can be used without 
departing from the scope of the present invention. In addition to fiber cement products, other 
materials may also use chemically treated fibers with dispersibiUty in the formulation to 
improve the mechanical and physical properties of the material. It will also be appreciated 
that several fiber treatments such as fiber sizing, biocide treatment, and fiber loading can be 
combined with dispersant treatment to provide the treated fiber and the fiber cement 
composite material with even more desirable properties, 

[0072] The preferred embodiments have applicability to a number of building 
product appKcations, including but not limited to roofing, paving, exterior and interior 
panels, decking, piping, tile backers, siding, trim, soffits, and fencing. However, it will be 
appreciated that the scope of the applicability of the preferred embodiments can also include, 
but is not limited to, non-building products and/or materials with non-cementitious matrices. 
The embodiments illustrated and described above are provided as examples of certain 
preferred embodiments of the present invention. Various changes and modifications can be 
made from the embodiments presented herein by those skilled in the art without departure 
from the spirit and scope of this invention. 
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